Abstract. Elastofibroma dorsi (ED) is a tumor that develops in the space between the lower angle of the scapula and the posterior thoracic wall. Due to the rarity of this type of tumor, the number of reported consecutive series is limited. Surgical excision, usually recommended for symptomatic cases to confirm diagnosis and relieve symptoms, has been associated with a high complication rate. To analyze the clinical characteristics and outcomes of surgical treatment, we retrospectively reviewed 20 consecutive cases of surgically resected ED. Of the 20 patients, 14 (70%) exhibited preoperative symptoms associated with the tumor. The mean diameter of the resected tumors averaged 72 mm (range, 45-110 mm). The surgical outcomes were satisfactory, except for the development of hematoma or seroma in 9 cases (43%), 8 of which achieved a complete resolution with conservative treatment. Age, hypertension, the presence of preoperative tumor-related symptoms and intraoperative bleeding were not found to be significantly associated with the incidence of hematoma. However, tumor diameter and the duration of postoperative drainage were significantly associated with occurrence of hematoma (P= 0.02 and P= 0.01, respectively). Surgical resection should only be recommended for symptomatic patients, due to the high incidence of postoperative complications. To prevent the development of postoperative hematoma or seroma, careful observation of the wound, with suction drainage for >7 days and additional surgical procedures to facilitate adhesion of the wound margins, are recommended.
Introduction
Elastofibroma dorsi (ED) is a rare tumor that develops in the space between the lower angle of the scapula and the posterior thoracic wall. Microscopically, the tumor consists of proliferated fibroblasts and accumulated abnormal elastic fibers. The pathogenesis of this tumor has not been fully elucidated, although mechanical friction between the chest wall and the inferior tip of the scapula may be involved in the development of ED. Giebel et al (1) hypothesized, based on the discovery of pre-elastofibroma-like changes in 81% of their autopsy series, that ED may be part of the aging process. The high incidence of bilateral lesions (33-100%) (2,3) also indicates the reactive nature of this type of tumor. In a large study of 170 ED cases, Nagamine et al (2) reported that 32% of the cases occurred within a single family, suggesting a familial predisposition for ED. Although the etiology of ED remains unclear, mechanical and genetic factors have been implicated in its development.
As ED is a benign, slow-growing tumor, it may be observed without treatment following diagnosis based on the clinical and imaging characteristics. Symptomatic patients typically present with snapping of the scapula, with or without pain, on abduction and adduction of the shoulder. Surgical excision is usually indicated for snapping scapula or tumor-related discomfort. Several authors reported that marginal resection of ED significantly relieves the symptoms (4-6). However, a high incidence of postoperative complications, such as development of seroma or hematoma, has been reported (5,7). Previous studies recommend 3 weeks of immobilization of the affected upper extremity (6) or postoperative wound drainage and a compression bandage to avoid these complications (8) . Due to the rarity of this tumor, the optimal operative approach and postoperative treatment have not yet been determined. In this study, we retrospectively reviewed 20 cases of surgically treated ED to determine the association between postoperative complications and preoperative patient characteristics or postoperative treatment. The present study was planned and conducted in accordance with the ethical standards of the responsible committee on human experimentation and conformed to the principles of the Declaration of Helsinki.
Materials and methods

Patients
Results
Clinical presentation. Fourteen patients (70%) presented with symptoms associated with the tumor, including discomfort (3 cases), pain around the scapula (6 cases) and snapping of the scapula with shoulder motion (4 cases). The mass was incidentally discovered by the patient or by another person, such as a family member, in 6 asymptomatic patients. Although mechanical stress is suspected to be a cause of this disease, the occupations of the patients varied and included physical labor (7 cases), office work (7 cases) and being unemployed or working from home (6 cases) ( Table Ⅰ) . ED was preoperatively diagnosed based on location and imaging findings, although biopsy was performed in the primary hospital in 2 cases. Preoperative MRI revealed an unencapsulated and lenticular-shaped mass of low intensity in T1-weighted images and iso-or low-intensity in T2-weighted images, reflecting the fibrous tissue content of the mass (Fig. 1) , which is in contrast to the characteristic high-intensity strands produced by fatty tissue on T1-weighted images and intermediate-intensity strands on T2-weighted images.
Treatment. Based on the preoperative diagnosis of ED, all the patients underwent marginal resection of the tumor. The standard operative approach starts with a skin incision just superior to the mass, followed by splitting of the latissimus dorsi muscle to reveal the edematous serratus anterior muscle. By splitting the serratus anterior muscle, the white and ill-defined tumor mass is exposed. In the majority of the cases, the tumor was firmly adherent to the serratus anterior muscle and thoracic wall, requiring sharp dissection using scissors or electrocautery.
Macro-and microscopic characteristics. Macroscopically, the resected tumors were whitish, firm and an average of 72 mm (range, 45-110 mm) in diameter. The cut surface was white and yellow, reflecting mixed fibrous and fatty tissues.
On pathological examination, elastic and collagen fibers coexisted with mature adipose tissue ( Fig. 1E and F) .
Complications. Postoperative hematoma occurred in 9 cases (43%) and resolved with conservative treatment in 8 cases (Table Ⅰ) . One case with a massive postoperative hematoma was treated with surgical evacuation, which resulted in successful healing of the wound. Due to the high incidence of postoperative hematoma, we analyzed the factors that may affect the development of hematoma following ED resection. Age, hypertension, the presence of preoperative tumor-related symptoms and intraoperative bleeding were not found to be significantly different between patients with (n=9) or without (n=11) postoperative hematoma (Table Ⅱ) , although tumor diameter was significantly larger in the hematoma group (P= 0.02) and the duration of postoperative drainage was significantly longer in the non-hematoma group (P=0.01, Table Ⅱ) .
Prevalence. The analysis of the Soft Tissue Tumor Registry database revealed 130 cases of ED among a total of 12,557 soft tissue tumor cases (1.0%). The distribution analysis of these130 cases revealed no geographic preference regarding the incidence of ED in Japan. In our department, the incidence of ED was estimated to be 2.7% of the 735 cases of surgically treated soft tissue tumors between 2000 and 2012.
Discussion
Although ED is traditionally considered to be a rare tumor (4, 9) , it is a well-recognized entity due to the case reports published by several authors (3-6,9). The incidence of ED in the general population has not been determined; however, Brandser et al (10) reported in their computed tomography (CT) study that ED was found in 2% of asymptomatic adults aged >60 years. The results of that study were based on asymptomatic cases; therefore, the actual prevalence of a symptomatic or palpable ED mass is estimated to be <2%. A review of the orthopaedic oncology database of the Royal Orthopaedic Hospital in Birmingham, UK, revealed 15 cases of ED out of 17,500 cases (0.086%) in >20 years (11) . In that series from UK, 11 patients underwent tumor resection, whereas 1 patient underwent needle biopsy only. We found the incidence of ED in the Japanese Soft Tissue Tumor Registry to be 1.0%, which is significantly higher compared to the incidence in the UK. The incidence of ED was 2.7% in our department, which is more consistent with the Japanese registry compared to the UK report (11) . This discrepancy may be partly due to the difference in recognition of this entity between UK and Japan; however, genetic factors may also play a role in its geographic distribution. Hisaoka and Hashimoto (12), analyzed 14 cases from Fukuoka, Japan, and demonstrated that spindle or stellate cells were positive for CD34. CD34-positive mesenchymal cells are considered to have the potential to differentiate into different lineages, such as endothelial, myoid and adipocytic cells. Congenital or acquired activation of certain factors, including CD34, and long-term mechanical stimulation may cooperatively contribute to the development of symptomatic or palpable ED. Positron-emission tomography (PET) scanning recently became a common screening technique for malignancies. Blumenkrantz et al (13) reported that, among 1,751 patients undergoing PET-CT with 18 F-fluorodeoxyglucose (FDG), 29 (1.66%) were diagnosed with ED. As the 18 F-FDG PET scan has becomes more popular for cancer screening, more asymptomatic cases of ED may be identified by radiologists. To avoid unnecessary further examination or biopsy, radiologists and physicians should be aware of the characteristic findings of ED (14, 15) . Several authors recommend resection for symptomatic cases only (5, 7, 11, 15) . In the past, we recommended resection for symptomatic and asymptomatic patients with tumors suspicious for ED, in order to pathologically confirm the diagnosis. However, as the diagnosis of ED is now easily made based on its clinical and imaging characteristics, we only perform tumor resection in symptomatic patients or in those who desire resection of the tumor. Although no case in our study incurred permanent disability associated with postoperative hematoma, the high incidence of hematoma discourages surgical treatment of ED in asymptomatic cases. Other authors reported the incidence of postoperative hematoma or seroma to be 38.9-87.5% (4, 5, 7) , which is considered to be a high incidence of postoperative complication. As the occurrence of hematoma leads to additional treatment (puncture, immobilization, or surgical evacuation) and longer hospital stay, we generally recommend a week of immobilization of the upper extremity on the affected side and longer suction drainage (~1 week) for ED. The results of the present study demonstrated tumor size and duration of wound drainage to be associated with the incidence of postoperative hematoma. Surgeons should carefully observe the wound postoperatively and apply negative pressure through the drainage tube to facilitate wound healing, particularly in cases of large (>80-mm) tumors.
In a different type of procedure, postoperative seroma was shown to be a significant complication in the donor site of a latissimus dorsi muscle flap (16) . Although the dead space is larger in the case of a latissimus dorsi flap compared to that following ED resection, plastic surgeons have described several methods to prevent postoperative seroma. The combination of quilting sutures and fibrin sealant was recently shown to reduce the incidence of postoperative seroma at the donor site (17, 18) ; this may also be applied to surgery for ED.
In conclusion, ED is a rare subscapular lesion affecting mainly the elderly and it is easily diagnosed by its characteristic location and imaging findings. Due to the high incidence of postoperative complications, surgery should be recommended only for symptomatic patients. To prevent the development of postoperative hematoma or seroma, careful observation of the wound with suction drainage and additional surgical procedures to facilitate adhesion of the wound space are recommended.
